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The  Design  of  Portland  Cement  Plant 
Using-  Slag-Limestone  Mixture. 

The  object  of  this  thesis  is  the  design  of  a  plant 
for  the  manufacture  of  Portland  cement  .wxiich  is  to  have  a 
capacity  of  500  barrels  per  day  of  24  hours.   The  raw  materials 
to  be  utilized  are  blast-furnace  and  other  slags  produced  in 
iron  and  steel  industries.   The  plant  is  to  manufacture  a  true 
Portland  cement  using  a  slag-limestone  mixture,  where  xhe 
Blag  takes  the  place  of  the  clayey  materials  usually  employed 
in  Portland  cedent  manufacture.   Beside  the  object  above  stat- 
ed the  author  had  '  .r  end  in  view  of  becoming  acquaninted  with 
the  chem-Lcal  side  of  the  manufacture,, as  well  as  the  engineer- 
ing so  before  entering  into  a  discussion  of  the  plant  and 
machinery,  a  brief  concideration  of  the  former  will  be  made. 
Hature  of  Slag  Portland  Cement. 

This  cement  is  essentially  a  true  Portland  and  not 
a  real  slag  cement,  the  method  of  manufacture  being  very  little 
different  from  that  of  common  Portland  cement.   This  cement 
has  very  good  qualities  and  is  vastily  superior  to  any  slag 
cement  made  without  calcination.   These  slag  cements  which  oc- 
casion'^fe\j!i^/d-1s«si refer  to  are  mixtures  of  slag,  which  has  been 
suddenly  cooled  by  quenching  in  water,  and  slaked  lime.   This 
addition  of  lime  increases  the  hydraulic  properties,  which 
however,  are  possessed  in  a  large  degree  by  the  suddenly  cool- 
ed Blag  in  itself.   In  the  manufacture  of  Iron  Portland  cement 
as  it  sometimes  ce^lled,  slag  is  utilized  as  the  clay  ingredi- 
ent is  in  tae   usual  cls.y-lim*e stone  mixture.    »  0*TtS 
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Eature  of  Slag  whicli  can  be  Utilized. 
All  slags  cannot  be  utilized  in  Portland  cement 
manufacture  ,and  hence  a  slag  brick  plant  which  can  use  sla-  of 
inferior  equalities  is  usually  run  in  conjuxiction  with  ceraent 
plant  so  that  there  will  be  no  financial  loss,  for  furnace 
men  pay  no  attention  to  the  slag  equalities  when  those  of  the 
iron  are  inccnsideration.   Slag  consists  essentially  of  (^"2^3^ 
alumina,  (CaO)  lime,  (tiOg)  silica,  small  percentages  of  (FeO) 
iron  oxide,  fMgO)  magnesium  oxide,  uiid  sulpur.   Slag  may  there- 
fore be  considered  a  very  impure  limestone  or  very  oalCiireous 
clay  frorr  which  carbon  dioxide  has  been  driven  off.   xne  slag 
to  be  of  any  use  must  be  cooled  suddenly. which  is  best  done 
by  runnin;^.  it  into  Water,  while  in  a  molden  condition.   The 
more  basic  a  slag  is  in  its  ehemioal  properties.,the  more 
valuable  it  is  for  cement  manufacture.   Those  especially  suit- 
ed for  this  purpose  should  show  from  E7  to  22  per  cent  silica 
10  to  22  per  cent  alamana,  48  to  56  p;r  cent  lime,  1  to  ?-   per 
cent  KagnesiOui  anr'i  net  above  1.25  per  cent  of  sulpnur.   The 
followin._  table  snows  tne  limits  in  chemical  composition  of 
slag  used  in  a  German  cement  plant. 


Si02 

SO-35 

AI2O3 

10-14 

FeO 

.2-1.2 

CaO 

4:6.49 

MgO 

. 5-S . 5 

SO^ 

.2-. 6 

Slag  has  one  ^ioality,  w..ich  beside  cheapness,  makes  it  use 
advantageous  and  that  is  the  fact  that  the  lime  it  contains 
is  already  decarbonized  and  hence  recuiree  less  fuel  for 
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elinkering  tii^n.  -j.   cl.iy-liiLc stone  mixture. 
Eatare  of  the  Litne stone. 
Ihe  otner  raw  mi^terial  used  in  making  slag  Portland 
cement  is  limt-stoae,  whxC:.  should  have  the  followin,^  qualities; 

1.  Uniformity,  of  composition  and  structure. 

2.  Should  be  fine  grained. 

S.   Low  per  cent  of  maf-nesia  so  that  the  per  cent 
of  magnesia  in  ee;..ent  will  not  exceed  three 
per  cent. 

4.  The  alumina  content  snould  not  he  high  enou,c.n  to 
distur'  proper  alumina-silica  ratio, 

5.  Content  of  ^^2^5   must  not  be  too  high  so  as  to 
increase  the  amount  of  this  SU'  stance  in  the  cement 
beyond  4/o. 

6.  Should  ■  e  free  from  concretionary  iron  sulphide 
and  low  in  sulphur. 

Metnod  of  I.aking  Portland  Cement  from  Slag- 
limestone  Llixxures. 
There   are  three  metnods  m  use  for  the  manufacture  of 
Portland  cement  from  slag-limestone  mixtures.   These  are  brief- 
ly as  follows: - 

(1)  The  granulated  slag  is  dried  and  powdered  very  finely.   Be- 
fore, the  final  grinding  a  calculated  amount  of  limestone  which 
has  been  dried  and  crushed  similarly  to  the  slag,  is  added.   This 
mixture  is  clinkered  by  running  it  into  rotary  ivilns,  after 
whichprooesE  the  resulting  clinker  is  ?.round.   Portland  cement 
of  high  grade  is  the  result. 

(2)  Ihe  granulated  slag  is  dried  and  mixed  with  proper  amount 
of  limestone   whicn  has  been  previously  dried  and  powdered. 
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Slaked  limed  is  added  to  bring  the  cement  up  to  correct  com- 
position.  After  f^ne  pulverization  in  tube  mills  the  mixture 
is  made  into  a  slarry  by  the  addition  of  8/S  of  water.  £.nd  is 
then  formed  iixtc  bricks.   The  bricks  are  then  built  xnto  chamber 
kilns  and  burnt.   Then  the  clinker  is  treated  ^^.s  before. 
(S)   The  slag  is  granulated  by  allowing'  the  moraCen  material 
to  run  into  water  and  is  mixed -wnile  still  wet^v/itn  crushed 
limestone  in  proper  proportions.   The  mixture  is  then  run  throu-1: 
a  calciner  whose  temperature  is  enough  to  partly  powder  the 
material  and  to  reduce  most  of  the  limestone  to  CaO.   The  mix- 
ture is  next  clinkered  in  rotary  kilns. 

Of  these  tiiree  processes  .the  second  is  unadapted  to 
American  engineering  practice,  while  the  third  is  not  used  in 
this  country  althcu^ii  apparently  §  good  process. 

References  on  Slag-limestone  Mxtures. 
Eckel,  E.  C.  ,  Cements,  limes,  iind  Plasters 

P. 411-415 
Eckel  E.  C.  Prepiiration  of  slag  limestone  mixtures 
I'unicipal  engineering 

V  25  P.  227-2SC 
Jantzen,  Utilization  of  Elast  Eurnace  Slag. 

Journal  of  the  Iron  &  Steel  Institute 
#1  P.  624-7,  1903. 
Lathbury  and  Spackman, 

Clii.ton  Cement  Co.  Plant, 
Pittsburg,  Pa, 

Tne  Rotary  Eiln  P.  82-85 
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7on  Schwarz,  0.  .  Portland  Cement  from  :^lftet  Furnace  Slag, 

Journal  Iron  &   Steel  Institute, 
190S  #1  203/230. 
Yon  Schwarz^  G.  .  Utilization  of  Hast  Furntice  Slag, 

Journal  of  Iron  L   Steel, 

1900  #1  P.  141-152. 
The  process  for  which  the  plant  descri  ed  m  this 
thesis  was  clesigned  has  been  referred  to  before,  and  is  tne 
first  proci;SS  discussed.   The  dried  granulated  slag  is  rround 
and  is  then  mixed  with  a  calculated  amount  of  limestone  which 
has  been  treated  similarly,   This  mixture  is  a  ver;-  fine  powd- 
er ani^clinkered  in  rot<3,ry  kilns.   The  clinker  is  then  pulver- 
ised very  finely  and  is  Portland  cement. 
Dryinfe  and  Grushins;  Plant. 
This  consists  of  two  Allis  oc  Chalmers  rotary  driers 
and  a  #5  gates  gyratory  crusher.   The  driers  are  long  boiler 
steel  cylinders  about  40 'x5'  free  to  rotate  and  driven  by 
gearing.   They  have  a  fire-place  at  one  end  and  a  flue  at  the 
other.   The  material  to  be  dried  is  fed  in  at  the  stack  end 
and  works  its  way  to   the  otner  end  »vhere  it  is  discharged 
into  a  screw  conveyers.   The  foundations  for  all  these  mach- 
ines are  to  be  built  of  Portland  cement,  concrete.   They  are 
to  be  driven  by  twentj'^  horse  power  motors.   Besides  the  above 
aequippment  conveyers  ars  to  be  installed  for  Ccarrying  the 


raw  material  frcn  the  storage  binE,ajid  also  conveying  and 
elating  machi^^erj 
the  grinding  room. 


elating  machi^^ery,  for  transporting  the  riried  matprials  to 


DRYIIG  BL^m  DATA, 


Machinery 

r"^ — 1 

■H 
O    O 

•H    (D 
O  rH 

03    H 
O  CO 

1 

-.H 

Cost                     ( 

approxiaiiite 

Liachinery 

Foundatioi 

and 
Support 

Erection 

or 
Installa- 
tion 

2  Rotary 
Dryers 

5-10 

tons 
per   hr 

20 

$sooo 

i600 

■,,150 

1  Gates 

Crusher,,' ! 

50 

vl700 

vlOO 

.    50 

Totals 

70 

v47C0 

1^700 

C200 

Totd   cost 

.f  dryi 

ig  Plan 

J 

,;:5600 
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xlanT;  ?or  Grxnding  Hav/  "^^aeria-l. 
From  the  drying  plant  the  dried  inateri_.ls  are  Ci.r- 

ried  &epa.ri..tel^  to  bins  xu  the  grinding  plant  v^here  t..e  pre- 
liminary grinding  is  dnne  in  ball  mills.   I'he  bc.ll  mill 
in  £i:r;plest  form  consists  of  a  revolving  cylinder  naving 
die  plates  arranged  aro,.jnd  tne  circuinfer^nce  and  xae   grind- 
ing is  done  by  steel  balls.   The  perforated  die  plates  are 
arranged  so  as  to  make  a.   series  of  steps  over  which  the  balls 
drop  when  the  cylinder  is  rotc.ted,  tnus  grinding  the  materitl* 
Ihe  position  of  the  die  plates  is  sueix  that  the  over  size  ^s 
automatically  returned  to  the  action  of  the  balls.   The  eir- 
cmnference  is  encloseo.  by  screens  tiirough  wnich  the  ground 
material  passes  to  a  collecting  bin.   Ihe  following  table  by 
Allis  Chalm3rs  gives  inis  data  concerning  this  type  of  ball 
mill. 


:      Size    :    weignt 
;                 :    without 
:        no.    ;    charge   of 
:                  :      balls 

Oapacity 
on 
Glink:ers 
20  Ivlesh. 

Power  required          : 

i           7       ':    29500 
;           8       ■    41100 

.   12-16   3bbs.    per   Hr. 
18-24        " 

30-40  H.    P.                : 
40-50   E.    P.                ? 

An  improved  xype  of  ball  mill  is  in  the  market  knovm  as  a 
Kominuter,  for  wnich  some  advantages  over  the  common  type  of 
ball  mill  are  claimed.   T:i_s  machine  is  constructed  so  as  to 
carry  50;$  more  balls  tnan  the  #8  ball  mill.   It  requires  about 
the  Same  norsepower  as  the  ball  mill  and  the  follov.-ing  claims 
are  made  for  it; 


52  ,0  mors  screening.  Surface. 
50  jo       "     Balis 
65  to  85  more  output. 

The  kominuter  appears  to  possess  some  advantages 
over  tlie  ball  mill  and  therefor,  it  was  decided  to  use  it 
in  connection  witn  this  plant. 

The  fine  grinding  is  done  in  tube  mills,  v/hich 
are  steel  cylinders  .;,easuring  5  X  22  feet.   The  macnine  is 
supported  by  hollow  trunions  througn  wnicn  the  mat .rial  is 
fed  a^ddischarged.   The  cylinder  is  partly  fillecT  with  pebble 
which  d_  the  grinding  when  the  machine  is  rotated. 

DATii  FOS  GHI3DI£G  PLaHI. 
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Cost 

(Apr ox 
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Machinery 

ity 

E.  P. 

:.'..C.,- 
inery 

tj'ounda 
tion 

•Install- 
ation 

2  Smidtn  Xo.i.inutej 

■  24  bi; 

^   90 

,,6o00 

v,i^: 

2(5*  X  22») 

100 

vOoOO 

■tr-"^'*^' 

.200 

Tube  mills 

Total 

Total  cost  of  gr 

nding  pi 

190 

ant 

^9200 

i.p50 

v97G^ 

nrri  Eouse. 

The  ground  and  mixefi  ravj  material  is  brought 
froir  the  grinding  plant  to  bins  at  the  head  of  the  rotary 
Kilns.   The  Xilns  are  fire-brick  lined  iron  tuoes,  100 
feet  in  diameter  and  100  feet  in  length.   It  was  decid- 
ed to  use  tnese  long  Lilns,  since  the  tendency  of  modern 
practice  is  a  long  that  line.   Kilns  of  150  feet  in  length 
are  also  coiaing  into  uce  and  prove  to  be  economical.   Tne 
Kilns  are  supported  on  rollers  cind  power  is  applied  throigh 
a  Byetem  of  gearing.   Each  Kiln  is  driven  ly  a  20  H.P.inoter 
and  has  a  capacity  of  SCO  barrels  per  day.   Two  80  foot  .•  ilns 
v;ould  probably  do  the  work  but  it  was  thougnt  advisa^-le  to 
allow  leevvay  i'or  shut  downs  for  repairs  and  other  causes. 

Tae  cost  of  one  Kiln  outfit  including  Kiln,  raw 

material  bin,  coal  Ian  and  conveyer,  will  be  about  v6500. 

Kiln  Outfit. 

2  Kiln  (etc)— ^ISOOO 

SGoal  pulverizers  (cyclone) $  3600 

Briaks  for  lining  and  setting  Kilns '^  1200 

^17800 

The  cooling  of  the  dinger  is  to  be  done  by  pil- 
ing in  neaps  in  a  yard,  so  no  special  mac^nery  will  be  re- 
quired to  accomplish  thau  end. 

The  clinker  -rinding  plant  is  in  all  respects 
similar  to  that  for  grinding,  the  raw  material,  consisting  of 
tvv'o  Sffiidth  Kominuter  end  two  #16  tube  .xills  (5'  y^   22'). 


For  handlin-  crushed  limestoie. 

1  Bucket  elevator  26'  long. 

(  suited  for  vertical  position) 

gor  handling  ^:ranalated  slar» 

1  "acket  elevator  SI'  long. 
Inclined  50  decrees. 

Approximate  cost -JlSO 

For  hancll^n;-  dried  raw  material 

1  lean  conveyor 34'  long 

1  bucket  elevator — 3o  feet  long 
1  screw  Gonve3f€)¥---gl  fest  long 
1    "      "   —  16  feet   " 

cost  of  a:  ove  machinery ^250 

For  handly  ground  ray/  .naterials. 

1   Screw  conveyor 22   feet   long 

1   Elevator    (ba  ket)— 37        "  " 

1   Screw   conveyer 16        "  " 

1  Ele Victor    (backet  )--£ 6        "  " 

(    75C   iiiclinatioii) 

1   Screw  coiivs^or 50        "  " 

Cost ;,500 

For  handling  not  cl.cnr.er 

1  Pan  conveyor o5  feet  long 

1  Elevator (60  deL-rees)  20  feet  lon£ 

1  Screw  conve^'Or SO   "    " 

Oost ^250 
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Cold  Clinker  handlin,'^  Machinery. 

1  Elevator SO  feet  long 

(inclination  60  degrees.) 

1  Screw  conveyor -40  feet  long 

Cost i.-200 

Cement  handling  niaGjainer.y. 

1  Elevator  ^bucket) i;6  feet  Ions 

(inclination  75  degrees) 

1  Screw  conveyor 21 

,    IT        ft    ^ 2S    "     " 

1  Elevator «6 

(inclined  60  degress) 

1  Screw  conveyor 40 

1      "        r,      65     "      " 

Approximate  cost wl-'-O 

Cost  of  "PuildingB. 

As  a  plant  of  this  i^^nd  is  to  be  permi.nent  ^n 
character  being  located  near  the  Mast  furnaces  and  not  de- 
pending on  a  natural  occoring  source  of  supply;  the  buildings 
are  to  be  conslirueted  of  brick  and  steel.   Ih  cost  of  eacn 
building  vdll  approximate  §10000. 
Power. 

Power  is  to  be  supplied  to  the  machinery  by  in- 
duction motors,  since  they  are  best  suited  to  the  dusty 
atmosphere  of  a  cement  plant.   Power  will  be  required  as 

follows; 

Drying  and  crushing  Plant-70  H.  P. 
Grinding  "   -1?0  H.  P. 
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Kiln  iiouse  i-lunt 60  d.    I-. 

Clinker  Griadinp;  Plant 190  fi.  P. 

Ioto.1---  — 530  E.  P. 

)                  These  figures  represent  the  output  of  the  motors. 
Cost  600  H.  P.  Motors-^tranformers ^ilSOOO 

Cost  Data, 

Drying  plant ^  5600 

Grindin£  "  ^700 

Kiln  House 17800 

Cement  grinding; 97:0 

Shafting  belts  and  pulleys  and 

setting  up 5000 

Conveyors 2250 

Buildings  and  :;ins 30000 

Freight 10000 

Plans  and  specifications  and 

superintendance 3000 

Office  and  laboratory 1500 

Motors 18000 

Total  cost  of  Plant  ^130650 

r.e  fere  nee  s; 

Xiiose  already  given ^ 
*  Geological  Survey  of  Chio, 

Manufacture  of  Hydraulic  Cements 

(Fourth  Series,  bulletin  i^o.  3.) 
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